This study was carried out to review the current literature concerning recent advances in the techniques, drugs and drug combinations used to induce epidural analgesia in sheep and goats. Data bases such as PubMed, Scopus, Google Scholar were searched using key words such as small ruminant anesthesia, local anesthesia in ruminants, and epidural analgesia in sheep and goats to retrieve recently published articles in this subject. Only articles published between 2007 and 2016 were considered. Relevant references in the bibliographies of included articles were also retrieved for review. A total of 14 research papers (7 in sheep and 7 in goats) published in refereed journals between 2007 and 2016 were reviewed. The lumbosacral space was used in 9 and the first intercoccygeal space was used in one article. The most common drugs used to induce epidural analgesia in sheep and goats were 2% lidocaine with and without epinephrine, bupivacaine, ropivacaine, magnesium sulphate, xylazine, ketamine, and tramadol, methadone, and morphine. The results of these studies indicated adequate analgesia for surgical operations of the perineum could be safely concluded in sheep and goats using any of the discussed drugs or their combinations.
INTRODUCTION
Epidural analgesia is commonly used in sheep and goats during surgical interventions involving the perineal area, caudal udder and upper hind limbs (Skarda and Tranquilli, 2007; Khajuria et al., 2014) . In small ruminants, the lumbosacral space is most commonly used in lateral recombency (Lemke and Dawson, 2000) . The first coccygeal intervertebral space (Co1-Co2) can also be used but it is much harder to locate in small ruminants (Lemke and Dawson, 2000) . Aseptic technique is usually required before the site is injected using a sterile 18G, 3.25cm long hypodermic needle (Lemke and Dawson, 2000) . The needle must be inserted through the skin in an angle and directed toward the base of the tail (Lemke and Dawson, 2000) . Needle placement in the correct site is usually checked using the hanging drop technique. Insertion of the needle further may lead to penetration of the spinal canal with a sudden jerky movement of the animal indicating incorrect placement of the needle (Lemke and Dawson, 2000) . Once the needle is correctly placed in the epidural space, the anesthetic is injected slowly. The anatomic extent of analgesia obtained following epidural injections is usually determined by the volume of injected drugs and position of the animal during the procedure (Lucky et al., 2007) . Higher volumes and tilting the animal cranially will extend the analgesic effect toward the flank region in recumbent animals (Lucky et al., 2007) . For surgeries of the perineal region, smaller volumes are usually required.
Research question
Lidocaine (2%) with and without epinephrine alone or in combination with other drugs is the most commonly used local anesthetic in sheep and goats to induce epidural analgesia (Lucky et al., 2007; Bigham et al., 2009; Khajuria et al., 2014) . However, in recent literature, there have been several research articles evaluating the analgesic effects of other drugs and drug combinations with variable successful results. There are no systematic review articles in the current literature that summarize published findings regarding epidural analgesia in sheep and goats. Therefore, the objectives of this article were to systematically review the current literature concerning recent advances in the techniques, drugs and drug combinations used to induce epidural analgesia in sheep and goats.
Data bases such as PubMed, Scopus, and Google Scholar were used in this review. Key words used were small ruminant anesthesia, local anesthesia in ruminants, and epidural analgesia in sheep and goats. Only articles published between 2007 and 2016 were considered. In addition, relevant references in the bibliographies of chosen articles were also retrieved for review. Only research article using epidural injection of drugs were included. Data regarding the technique of epidural administration, drugs and drug combinations, dosages, species and breed, side effects and recommendations for application of various techniques were discussed.
General outlook
There were a total of 14 research papers (7 in sheep and 7 in goats) published in refereed journals between 2007 and 2016 that fitted the criteria set forth for review. The lumbosacral space was used in 13 and the first intercoccygeal space was used in one article. In sheep, the most common drugs used to induce epidural analgesia were 2% lidocaine with and without epinephrine, bupivacaine, magnesium sulphate, tramadol, ketamine, methadone, and morphine (Table 1) . Combinations of drugs in sheep were lidocaine-epinephrine, lidocaine-xylazine, lidocaine-bupivacaine, ketamine-magnesium sulphate, lidocaine-tramadol, lidocaine-magensium sulphate, and bupivacaine-methadone.
In goats, the most common drugs were 2% lidocaine, bupivacaine, ropivacaine, magnesium sulphate, and tramadol ( Rostami and Vesal, 2012) . In this study, lodocaine hydrochloride (2%; 2-5 mg/ kg) was the most commonly used local anesthetic drug for epidural analgesia in sheep (Table 1) and goats ( Table 2) . Epinephrine is sometimes added to lidocaine to prolong its duration of action (Rostami and Vesal, 2012) . Khajuria et al., (2014a) compared two doses of ropivaciane for epidural analgesia in goats; a high dose (1 mg/kg) and a low dose (0.5 mg/kg). He concluded that the lower dose of ropivacaine did not produce adequate analgesia while using the higher dose satisfactory regional analgesia lasting for an approximately 60 minutes was achieved. However, severe and prolonged motor loss may preclude its use in clinical practice. In another study, Khajuria et al., (2014b) compared the effects of lignocaine (4 mg/kg) and ropivacaine (1 mg/kg) for epidural analgesia in goats. He concluded that both lignocaine and ropivacaine produced satisfactory regional anesthesia in goats undergoing laparoscopy. However, because goats did not regain hind limb motor motor activity for a long time after the operation was completed, they were no able to recommend the use of ropivacaine Lidocaine (2%) -Magnesium sulphate (100 mg) L6-S1
Significantly longer duration of anesthesia with lidocaine-magnesium sulphate compared with lidocaine-distilled water No significant side effects Bigham and Shafiei, 2008 at the suggested dose rate for epidural in goats.
In comparison with bupivaciane and xylazine epidural in goats, Singh et al., (2015) found that ropivacaine (0.6 mg/kg) produced faster onset but lower quality analgesia of the tail and perineal regions (Sighn et al., 2015) .
Magnesium sulphate
Following parenteral administration to animals, magnesium sulphate exerts an antino ciceptive effect (Sirvinskas and Laurinaitis, 2002) . The analgesic effects of magnesium sulphate are believed to be due its calcium antagonistic effects and also due to its antagonistic effect on N-methyl- Ropivacaine (1 mg/kg) Lignocaine (4 mg/kg) L6-S1
Complete analgesia of the hind quarters and abdomen in both treatments Ropivacaine produced prolonged hind limb motor loss which precludes its use with ketamine produced analgesia that extended cranially to the regions of the dorsocaudal ribs, upper and lower flanks, upper hind limbs, and perineal and feet areas (DeRossi et al., 2012b) . The combination however, produced severe motor block and ataxia of the hind limbs while when magnesium sulphate was administered alone it had no effect on the motor system in any of the sheep (DeRossi et al., 2012b) . Ketamine Ketamine is an N-methyl-D-aspartate receptors antagonist. It specifically blocks the sodium ion channels in the spinal cord. It also interacts with opioid, monoaminergic and muscarinic receptors and voltage-sensitive calcium ion channels (DeRossi et al., 2012b) . The epidural administration of ketamine (2.5 mg/kg) alone or in combination with magnesium sulphate was evaluated in sheep (DeRossi et al., 2012b). The results showed that the combination is an effective and feasible and can be used safely in sheep. The only concern when ketamine is used however, either alone or in combinations is that it produces moderate to severe ataxia and precautionary measures must be taken in order to protect the animal. Ketaminexylazine combination is commonly used in goats for epidural analgesia. In the study by Singh et al., (2015) , the combination produced analgesia of a greater extent and longer duration than that produced by bupivacaine and ropivacaine. However, mild sedation was noticeable in animals that received this combination (Singh et al., 2015) .
Xylazine Xylazine is an alpha-2 agonist that produces its analgesic effect by stimulating the alpha-2 adrenergic receptors in the dorsal horn of the spinal cord (Singh et al. 2015) . In sheep and goats, xylazine has been administered epidurally in combination with other drugs such as lidocaine (Rostami and Vesal, 2012) , ketamine (Singh et al. 2015) and ropivaciane (Rayees et al., 2011) . Xylazine is used at a dose rate of 0.025 mg/kg to 0.5 mg/kg of body weight. Usually, 2% solution is used in small ruminants. In sheep, Rostami and Vesal, (2012) concluded that the epidural administration of lidocaine-xylazine combination provides an adequate surgical analgesia of good duration without any adverse effects. In goats, a combination between ropivacaine and xylazine was evaluated as an epidural analgesic; combination was characterized by fast onset and long duration when compared with bupivacaine (Rayees et al., 2011) . In addition, it was concluded that ropivacaine-xylazine combination had a synergistic analgesic effect (Rayees et al., 2011) .
Tramadol Tramadol is a synthetic analogue of codeine (Dehkordi et al., 2012) . The mechanism of action of tramadol is attributed to its interaction with opioid μ receptors in the brain and spinal cord. It also modulates the mono-aminergic spinal pain by inhibiting the re-uptake of norepinephrine and serotonin (Dehkordi et al., 2012) . Tramadol has been used for epidural analgesia in lambs and in goats alone and in combination with lidocaine or lignocaine (Habibian et al., 2011; Ajadi et al., 2012; Dehkordi et al., 2012) . Dehkordi et al. 2012 and Habibian et al. , 2011 compared the analgesic effect of lidocaine (2.86 mg/kg), lidocainetramadol (1 mg/kg and 2.46 mg/kg respectively) and tramadol alone (1 mg/kg) in adult goats and lambs respectively. Tramadol produced a significantly faster and longer duration of analgesia than tramadol-lidocaine combination or lidocaine alone. In addition, goats that received tramadol alone were the least as ataxic as the goats in the other two groups. In Ajadi et al., (2012) study, epidural tramadol was found to produce partial pain relief, while epidural lignocaine injection provided the most effective pain control. However, tramadol was advantageous over lignocane in that animals that received tramadol remained standing and ruminating while those received lignocaine became recumbent and stopped ruminating (Ajadi et al., 2012) .
Methadone and morphine Methadone and morphine are commonly used opioids agonists for perioperative pain management in animals and human patients undergoing various surgical procedures (DeRossi et al., 2012a , DeRossi et al., 2015 . Opioids agonists selectively block sensory fibers, and thus provide useful analgesia with minimum risk of hind limb dysfunction. However, they may induce significant cardiovascular and pulmonary depression (DeRossi et al., 2012a , DeRossi et al., 2015 . In sheep, methadone alone or in combination with bupivacaine for epidural analgesia was evaluated by DeRossi et al., (2015) . Their results suggested the epidural administration of bupivacaine, methadone or the combination of both drugs provided adequate and useful perioperative analgesia in sheep undergo-ing various surgical procedures of the flank and hind limbs. This is the first systematic review article concerning recent advancements of epidural analgesia in sheep and goats. In the last 10 years, 14 articles were found (7 in sheep and 7 in goats). In general, these articles investigated and compared the onset, duration, and extent of analgesia produced by various drugs and drug combinations in specific dose ranges. In addition, the degree of systemic sedative effects and motor blockade of the hind limbs were also assessed using various drugs and drug combinations. Most of the investigated drugs at the specified doses produced adequate analgesia of the perineal region with minimal side effects. The exception was ropivacaine in goats that was found to have a prolonged recovery that precluded its use in clinical practice especially when used in the higher dose (1 mg/kg). We here present the clinical practitioner with a list of options for use to induce safe and practical analgesia techniques in sheep and goats for surgical interventions of the tail, perineum, caudal udder and upper hind limbs. In another study, the combination of bupivaciane and morphine was evaluated in sheep after epidural injection (DeRossi et al., 2012a). Researchers found that the epidural administration of both drugs resulted in superior analgesia of the thoracic and forelimbs region in conscious sheep than either drug alone. Side effects such as depressed ventilation and muscle paralysis occurred and required appropriate management (DeRossi et al., 2012a) .
The lumbosacral intervertebral space is the most common site for epidural injection of analgesic drugs in sheep and goats. The most common analgesic drugs for use for epidural injection in sheep and goats are lidocaine, bupivacaine, ropivacaine, magnesium sulphate, ketamine, xylazine, and tramadol.
